Abstract. A reaction of cobalt chloride hexahydrate with dimethoxyethane (dme) resulted in a dinuclear complex [CoCl 2 (dme)] 2 (1). The complex 1 reacted with di(2-methoxyethyl) ether (diglyme) in tetrahydrofuran (thf) solvent achieving polymeric [Co 2 Cl 4 (diglyme)] n (2). A reaction of cobalt chloride hexahydrate, diglyme and (CH 3 ) 3 SiCl in thf yielded the crystals of [Co 2 Cl 4 (diglyme)(thf)] (3). Both, tetrahedral and octahedral environments of cobalt ions were found in each of the complexes, 1, 2 and 3. Cobalt ions display a distorted octahedral geometry with bridging chlorides and terminal oxygen atoms from ether ligands and a distorted tetrahedral geometry with non-bridging and bridging chlorides. A four-and a sixcoordinate cobalt ion are linked by a double chloride bridge in the dinuclear complexes 1 and 3. Two tetrahedral or two octahedral cobalt ions in 2 are connected by double chloride bridges in dinuclear units which are linked to infinite chains by single chloride bridges. (doi: 10.5562/cca1747)
INTRODUCTION
Polyethers, dme and diglyme, are O-donor ligands able to coordinate in a chelate mode to a whole range of metals; complexes of lanthanide halides have been extensively studied. 19 On the other hand, few examples of corresponding first row transition metal complexes were prepared. The structurally characterized complexes of transition metals (III) and (IV) are mononuclear molecular [MCl 3 (diglyme)] (M = Sc, Ti), 10, 11 4 ]. 13 Lately, we reported polymeric, dinuclear and mononuclear dme and diglyme complexes of manganese(II), nickel(II) and zinc(II) chlorides. 14 The complexes of zinc and manganese reveal a lower nuclearity of diglyme complexes, [ 14 A propensity of Zn 2+ and Co 2+ to form four-and six-coordinate complexes 15 and their similar ionic radii (coordination number six: Zn 2+ 0.745 Å and Co 2+ 0.740 Å) 16 can result in similar molecular structures of ZnCl 2 and CoCl 2 complexes with some O-donor ligands. [17] [18] [19] [20] [21] We prepared cobalt chloride complexes with dme and diglyme to compare their synthesis conditions and structure to those of zinc chloride complexes with the same polyether ligands 14 and to elucidate influence of the ligands dme and diglyme to the nuclearity of cobalt chloride complexes.
EXPERIMENTAL General
All the manipulations were carried out under an inert atmosphere, with the exception of the first step in the preparation of the complex 1.
Cobalt chloride hexahydrate (Aldrich, 99.99 %), diglyme (Fluka, 99.5 %) and chlorotrimethylsilane (Aldrich, 97.0 %) were used as delivered. Solvents were dried (CH 2 Cl 2 over calcium hydride, thf over Na/K) and distilled before use.
Suspensions of ground samples in nujol were prepared in a dry box. IR spectra were recorded on a Perkin Elmer Spectrum 100 FT-IR spectrometer from max ν  = 400 to 4000 cm -1 . Chlorine contents were determined by potentiometric titrations of chloride ions with silver nitrate. Elemental analyses were carried out on a Perkin-Elmer 2400 Series II CHN analyzer at the University of Ljubljana (Department of Organic Chemistry).
Powdered samples were sealed into tubes in a dry box and room temperature magnetic susceptibility measurements were performed by a Sherwood Scientific MBS-1 balance using Hg[Co(NCS) 4 ] as a standard. Diamagnetic corrections were applied using Pascal's constants and the magnetic moments were calculated. 77 mmol). A suspension was stirred for a day at room temperature. Approximately one half of the solution above the precipitate was filtered off and crystals of 3 grew out of the solution during slow evaporation at reduced pressure. The remaining suspension was dried in vacuo and recrystallization of the powder product from CH 2 Cl 2 resulted in the crystals of the complex 2. IR of the dried product in Nujol is similar to the IR spectrum of the complex 2.
Crystal Structure Determination
Details of the crystal data collections and the refinement parameters of the complexes 13 are listed in Table 1 .
All studied compounds are hygroscopic. The crystals were greased on a glass thread. Diffraction data were collected on a Nonius Kappa diffractometer with a CCD area detector at 150(2) K. Graphite monochromatic Mo-Kα radiation ( = 0.71073 Å) was employed for all measurements. The data were processed using the program DENZO. 23 The crystal structures were solved by direct methods implemented in SHELXS-97 and refined by a full-matrix least-squares procedure based on F 2 (SHELXL-97). 24, 25 All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were included in the models at geometrically calculated positions and refined using a riding model. Figures depicting the structures were prepared by DIAMOND 26 and ORTEP3.
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RESULTS AND DISCUSSION
Syntheses
A reaction of cobalt chloride hexahydrate and dme at 70 °C achieved the water-free complex 1. 28 Similar complexes of lanthanide and manganese chloride could be prepared only by reactions of metal chloride hydrates and dme in the presence of an excess amount of chlorotrimethylsilane, which guarantees a complete consumption of water. 1, 14 The complex of cobalt chloride with diglyme, 2, was prepared from the complex 1 and diglyme in the solvent thf. Crystals of the dinuclear complex 3 grew out of a solution obtained by a reaction of metal chloride hexahydrate, diglyme and chlorotrimethylsilane in thf, similarly to the syntheses and crystallizations of [LnX 3 (diglyme)(thf)].
35
Magnetic Measurements
The magnetic moments of cobalt complexes 1 (4.64 BM) and 2 (4.61 BM) measured at room temperature suggest a high spin d 7 configuration of tetrahedrally and octahedrally coordinated Co 2+ ions.
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Crystal Structure of the Polymeric Complex 1, 2 and 3
The molecules of the complexes 1, [CoCl 2 (dme)] 2 , and 3, [Co 2 Cl 4 (diglyme)(thf)], are built of a four-and a sixcoordinate cobalt ion connected by two bridging chlorides into a dinuclear molecule (Figure 1 ). Co2 ion is tetrahedrally coordinated by two bridging and two nonbridging chlorides and Co1 ion displays a distorted octahedral geometry with two bridging chlorides in cis positions and four oxygen atoms in both complexes 1 and 3. In 1 are four oxygen donor atoms from two dme molecules ( Figure 1a ) and in 3, three oxygen donor atoms come from one diglyme molecule and one from a thf molecule (Figure 1b) . The thf molecule coordinated in the complex 3 is in a disorder, four atoms are in a (Table 4 and Zn1··· Zn2 3.3529(3) Å). 14 The complexes of cobalt(II) and zinc chloride exhibit coordination numbers 4/6 in dinuclear dme complexes (1 and Ref. 14) and coordination number 4 in mononuclear tetramethylethylenediamine (tmeda) complexes. 29, 30 On the contrary, the MnCl 2 complexes exhibit coordination number six with dme and tmeda ligands, resulting in polymeric complexes. 14, 30 These results confirm that tetrahedral complexes are more readily formed with Co 2+ than with cations of other d-block elements except zinc.
Octahedral and tetrahedral cobalt ions are connected by chloride bridges into the chains of the complex 2 (Figure 2 ). Three bridging chlorides and three oxygen atoms from a diglyme molecule are coordinated to a cobalt ion Co1 in a distorted octahedral geometry, while a non-bridging and three bridging chlorides are coordinated to a cobalt ion Co2 in a distorted tetrahedral geometry. Co1-Cl3-Co2 90.40 (4) chloride bridges into polynuclear chains. The repeating unit of the chain could be described as [
Selected interatomic distances and angles of the complex 2 are listed in Table 3 .
Chains incorporating chloride bridged coordination polyhedra of different types as in the complex 2 are rare, while infinite chains of chloride bridged single type polyhedra of divalent metals with donor ligands are well documented. 31 An alternating tetrahedral and octahedral coordination of cobalt ions was found in chains of [Co 4 (-Cl) 6 Cl 2 (thf) 4 (MeOH) 2 ] n 32 and [Co (daa) 2 (-Cl) 2 CoCl 2 ] n (daa = 4-hydroxy-4-methyl-2-pentanon). 21 Tetrahedral Co(II) sites are coordinated only by chlorides, while O-donor ligands and bridging chlorides are coordinated to octahedral Co(II) sites in the complexes 2, [Co 4 (-Cl) 6 Cl 2 (thf) 4 21 and [Co 4 (-Cl) 6 Cl 2 (thf) 4 (MeOH) 2 ] n (2.251(3) Å). 32 The interatomic CoCl (bridging) distances in the polymeric complex 2 are in a wide range from 2.266(1) to 2.500(1) Å (Table 3) due to connections of different polyhedra by single and double chloride bridges. A similar variety of interatomic CoCl (bridging) distances was found in polymeric complexes [Co 4 (-Cl) 6 Cl 2 (thf) 4 (MeOH) 2 ] n (2.2861(7) 2.5488(7) Å) 32 and [Co(daa) 2 (-Cl) 2 CoCl 2 ] n (2.295(2) 2.455(2) Å). 21 The average CoCl (bridging) distances in the dinuclear complexes 1 and 3 are in the same range; approximately 2.32 Å to tetrahedral Co2 and 2.44 Å to octahedral Co1. The distances of the two bridging chlorides to the Co1 are the same in 1, but deviate from the average in 3 with one short (2.3926(10) Å, Cl3 trans to O(diglyme)) and one long distance (2.5097(10) Å, Cl2 trans to O(thf)).
A comparison of distances between cobalt ions in the dinuclear complexes 1, 3 and the polymeric complex 2 is shown in table 4.
A metal to metal distance is shorter between two neighbouring cobalt ions linked by a double chloride bridge than by a single chloride bridge. Distances between two cobalt ions linked by a double chloride bridge increase from 3.1239(10) Å between two fourcoordinated Co2 (2) to approximately 3.35 Å between a four-and a six-coordinated Co2, Co1 (1, 3) and to 3.4360(9) Å between two six-coordinated Co1 (2) . A similar distance between two six-coordinated cobalt ions was found in the complex [Co 2 Cl 2 (meg) 4 ]Cl 2 (megethane-(1,2)-diol; (3.470(1) Å). 33 Single chloride bridges connecting four-and six-coordinate cobalt ions resulted in significantly longer metal to metal distances in the complexes 2 (Table 4 , Co1··· Co2), [Co(daa) 2 (-Cl) 2 CoCl 2 ] n (3.949(2), 3.967(2) Å) 21 and [Co 4 (-Cl) 6 Cl 2 (thf) 4 (MeOH) 2 ] n (4.143(3) Å).
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CONCLUSIONS
The cobalt chloride complex with dme, 1, is isostructural to the zinc chloride complex with dme. The structures of the diglyme complexes of cobalt chloride, 2, and zinc chloride differ significantly.
14 The cobalt chloride complex with diglyme, 2, has a chain structure with an alternating tetrahedral and octahedral coordination of cobalt ions, while a propensity of zinc for the coordination number five 34 favours isolation of the mononuclear complex [ZnCl 2 (diglyme)].
14 Nuclearity of cobalt chloride complexes with dme, 1, and diglyme, 2, is on contrary to nuclearity of manganese and zinc chloride complexes with the same 
